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（4） 向培养体系中加入不同浓度的 Fe-DFO 后，铁主要存在于液相中，约占回
收的总铁的 60%-80%。体系液相中的铁浓度随培养时间的增长而减少，
细胞外和细胞内铁浓度随培养时间的增长而增加。 







































Iron is an essential trace element for phytoplankton, directly involved in many 
basic biochemical processes, such as photosynthesis, respiration, nitrate and nitrite 
reduction, nitrogen fixation, and chlorophyll synthesis. Iron supply has been 
suggested to have great influence on phytoplankton biomass, growth and species 
composition, as well as primary productivity. In the 1980s, Martin et al. found that 
although nitrogen and phosphorus nutrients were enough in some regions of the 
oceans, the biomass of phytoplankton was very low. Adding appropriate amount of 
iron in these areas could promote the growth of phytoplankton. In addition to the 
concentration of iron, the speciation of iron also affects the growth of phytoplankton. 
Therefore, the effect of iron concentration and species on the growth of phytoplankton, 
and the bioavailability of different forms of iron have been hot topics over the past 
few decades. 
Phaeodactylum tricornutum belongs to Bacillariophyta, it grows fast, reproduces 
frequently and is easy to culture. P. tricornutum is rich in protein, unsaturated fatty 
acids, polysaccharides and many other high value active substances. It has been 
widely used in scientific research and industry production. 
Up to now, however, the researches on the bioavailability of different iron species 
to P. tricornutum are still rare. There is no detailed report on the distribution and 
concentration of iron in the cultivation system with different forms of iron added. This 
study was armed at studying of bioavailability and effect of different iron species on 
the growth of P. tricornutum. Different concentrations of FeCl3, Fe-EDTA and 
Fe-deferoxamine (Fe-DFO) (i.e., 0, 200, 400, 600, 800 and 1000 μg/L) were added 
into natural seawater to serve as the iron source. The temperature, salinity, 
illumination intensity, were 20℃, 27, 5000 lx and 14 h:10 h light:dark, respectively. 
Cell concentrations were measured to monitor the growth of the diatom. To 
investigate the bioavailability of different iron species to P. tricornutum, the liquid 
















furnace atomic absorption spectrometer (GFAAS).  
The main findings of the present study are as follows: 
(1)  FeCl3 and Fe-EDTA at all the tested concentrations could promote the growth of 
P. tricornutum, while Fe-DFO at all concentrations inhibited the growth.  
(2)  When FeCl3 was added to the cultures, iron was mainly distributed on the 
surface of the cells, accounting for approximately 60%-80% of the total 
recovered iron. The concentration of iron in liquid phase decreased and that of 
intracellular iron increased as the cultures grew.  
(3)  With Fe-EDTA in the cultures, iron was mainly distributed in liquid phase 
during the lag and logarithmic phases of the growth, accounting for 
approximately 60%-80% of the total recovered iron. As the incubation time 
increased, the concentration of iron in liquid phase decreased significantly, while 
that of intracellular and extracellular iron increased.  
(4)  With Fe-DFO in the cultures, iron was mainly in the liquid phase, accounting for 
about 60%-80% of the total recovered iron. As the incubation time increased, the 
concentration of iron in liquid phase decreased, while the concentration of 
intracellular and extracellular iron increased.  
(5)  The bioavailability of the three forms of iron to P. tricornutum was in the order 
of FeCl3＞Fe-EDTA ＞ Fe-DFO. 
 



































机形式存在，各种形式之间可以相互转化（Bullen et al., 2001; Ussher et al., 2004）。
在特定的微环境中，颗粒态铁可以转化为生物可利用性铁（Wells et al., 1995）。
而在微环境外，颗粒态铁可迅速地与溶液中的其他物质达到热力学平衡，为浮游





































Price, 2001; Shaked et al., 2005; Lis and Shaked, 2009）。 
FeY 的生物可利用性受许多化学因素影响，如络合剂的强度、铁与络合剂的
络合比例、FeY 的平衡时间及光稳定性（Lis et al., 2014）。海水中的络合剂主要
来源于细菌、真菌等微生物。能与铁络合的络合剂种类很多，主要包括络合能力
很强的铁载体类化合物和络合能力稍弱的细胞降解产物、糖类等物质（Town and 











































图1-1 北太平洋铁的浓度随深度的变化曲线（Martin et al., 1989） 
Figure 1-1 Iron concentration as a function of depth in the North Pacific Ocean 
(Martin et al., 1989) 
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